Several geographically distinct mitochondrial DNA (mtDNA) lineages of the big brown bat (Eptesicus fuscus) have been documented in North America. Individuals from 2 of these lineages, an eastern and a western form, co-occur within maternity colonies in Colorado. The discovery of 2 divergent mtDNA lineages in sympatry prompted a set of questions regarding possible biological differences between haplotypes. We captured big brown bats at maternity roosts in Colorado and recorded data on body size, pelage color, litter size, roosting and overwintering behaviors, and local distributions. Wing biopsies were collected for genetic analysis. The ND2 region of the mtDNA molecule was used to determine lineage of the bats. In addition, nuclear DNA (nDNA) intron 1 of the b-globin gene was used to determine if mtDNA lineages are hybridizing. Eastern and western mtDNA lineages differed by 10.3% sequence divergence and examination of genetic data suggests recent population expansion for both lineages. Differences in distribution occur along the Colorado Front Range, with an increasing proportion of western haplotypes farther south. Results from nDNA analyses demonstrated hybridization between the 2 lineages. Additionally, no outstanding distinctiveness was found between the mtDNA lineages in natural history characters examined. We speculate that historical climate changes separated this species into isolated eastern and western populations, and that secondary contact with subsequent interbreeding was facilitated by European settlement.
The big brown bat (Eptesicus fuscus) is one of the most widely distributed mammals in North America and has been divided into as many as 11 subspecies based on morphology (Burnett 1983; Hall 1981 ). Previous research also indicates possible regional differences in reproductive ecology, behavior, and other natural history traits (Christian 1956; Kurta and Baker 1990) . Big brown bats display seasonal local migrations and adult females show strong natal philopatry (Brenner 1968; Neubaum et al. 2006) . This sedentary lifestyle with limited dispersal, coupled with regional differences in ecology, suggests that big brown bats would display a strong phylogeographic structure.
A previous mitochondrial DNA (mtDNA) analysis divided North American big brown bats into several distinct monophyletic lineages (Turmelle 2002) , suggesting low levels of interbreeding and limited dispersal among regional populations. Eastern and western mtDNA lineages are divergent by an average of 8.9% sequence variation, yet they appear to cooccur at the colony level in Colorado (Turmelle 2002) . This implies a lack of segregation in this zone of overlap, and it raises questions regarding other possible biological differences between these very divergent yet overlapping mtDNA lineages.
Both historical (i.e., isolation in geographic refugia, bottlenecks, range expansion, and colonization events) and contemporary processes (i.e., gene flow, breeding structure, and individual reproductive success) might influence genetic diversity and natural history of big brown bats (Brown et al. 1996) . Biparentally and uniparentally inherited markers, as well as behavior and morphology, also may be differentially affected by these factors. Consequently, before formulating hypotheses regarding evolutionary histories and processes, phylogenetic patterns and intraspecific geographic variation should be corroborated across a suite of characters, including natural history traits, morphology, and molecular markers (Ballard et al. 2002; Karl and Avise 1992; Palumbi and Baker 1994; Wiens and Penkrot 2002) .
The objective of our study was to examine lineage-specific differences in body size, pelage coloration, litter size, roosting and overwintering behaviors, and local distributions of the big brown bat in Colorado. We examined eastern and western big brown bat lineages in their zone of overlap in Colorado by using an mtDNA gene, a nuclear DNA (nDNA) intron, and natural history traits that are thought to differ geographically among populations. By doing so, we provide a detailed regional comparison to complement large-scale geographic analyses of mtDNA sequence data (Turmelle 2002 ), and we demonstrate that discordance among several character sets can reveal important insights into the current distribution of lineages.
MATERIALS AND METHODS
Local sampling and natural history data.-During summers [2001] [2002] [2003] [2004] [2005] , big brown bats (n ¼ 651) were captured at maternity roosts and natural areas in and around Fort Collins, Colorado (Fig. 1) . Standard capture techniques were employed (Kunz and Kurta 1988) (Animal Care and Use Committee 1998) . Sex and reproductive condition were noted and bats were classified as adults based on epiphyseal fusion in the phalanges (Anthony 1988) . Individuals were permanently marked by subdermal implantation of passive integrated transponder (PIT) tags (AVID Inc., Norco, California) middorsally in the lower lumbar region (Wimsatt et al. 2005) . A single 3-mm round biopsy punch also was sampled from the proximal wing membrane in an area lacking visible blood vessels (Worthington Wilmer and Barratt 1996) and stored immediately at À808C.
We collected data on natural history traits that have been used previously to distinguish between subspecies and are thought to display regional variation. Because previous studies documented differences in body size and pelage color suggestive of 2 subspecies in Colorado, E. f. pallidus and E. f. fuscus (Armstrong 1972; Warren 1942) , we collected body size and pelage color data. As a measure of body size, we measured forearm length on all bats to the nearest 0.1 mm using dial calipers. During 2003 During -2004 , pelage color of individual bats was recorded following comparison to Ridgway's color standards (Ridgway 1912) .
It is thought that big brown bats east of the Rocky Mountains have a litter size of 2, whereas those west of the Rockies have a litter size of 1 (Christian 1956; Kurta and Baker 1990) . Pregnant female bats were evaluated for litter size using a variety of methods during 2004-2005 to examine correspondence between litter size and mtDNA lineage. Some (n ¼ 41) were palpated to determine numbers of embryos, and then euthanized to verify our count. Palpation was unreliable, so a larger sample (n ¼ 115) was transported to the Colorado State University Veterinary Teaching Hospital where radiographs were taken using a General Electric MammoView mammography machine (General Electric Company, Milwaukee, Wisconsin) . These bats were individually restrained in cloth specimen bags, secured onto a photographic plate, radiographed, and released the same night.
Hibernacula of big brown bats in the eastern United States are relatively well documented and include caves, tunnels, mines, storm sewers, and buildings (Whitaker and Gummer 2000 and references therein). However, overwintering behavior is not well documented in the west. In Colorado, this species has seldom been reported hibernating in buildings, caves, or mines (Armstrong 1972 ; J. L. Siemers, www.cnhp.colostate. edu/reports.html; K. Navo, in litt.). As part of another study (Neubaum et al. 2006) (Shankar et al. 2005) . Lastly, colleagues provided reference samples from New York (n ¼ 10; only eastern lineage known) and Arizona (n ¼ 10; only western lineage known-Turmelle 2002).
DNA extraction and mtDNA lineage determination.-DNA was extracted using DNeasy Tissue Kit (Qiagen, Inc., Valencia, California) according to manufacturer's instructions with a slight modification in the standard elution protocol (i.e., 100 ll AE buffer was added and incubated for 5 min at room temperature, then reused for the 2nd elution step). A 507-base pair (bp) region of the mtDNA ND2 gene was amplified using primers L5612.rv and H5766.rv (Turmelle 2002) . Double-stranded polymerase chain reaction amplifications were performed in 25-ll reaction volumes containing 0.5 ll DNA template, 15.3 ll sterile water, 1X polymerase chain reaction buffer, 2.0 mM MgCl 2 , 200 lM of each deoxynucleotide triphosphate, 120 nM of each primer, and 0.5 units Taq DNA polymerase (Promega Corp., Madison, Wisconsin). One initial denaturation step of 958C for 3 min was followed by 35 cycles of 958C for 45 s, 538C for 45 s, and 728C for 1 min, with a final extension step of 728C for 5 min, before stabilizing at 208C. To identify lineagespecific variation, amplification products from a subset of samples (n ¼ 329) were purified using GeneClean Turbo (Qbiogene, Inc., MP Biomedicals, Solon, Ohio), sequenced using BigDye version 3.1 Terminator chemistry (Applied Biosystems, Inc., Foster City, California), and separated on an ABI Prism 3100 genetic analyzer (Applied Biosystems, Inc.) following standard protocol. Manual alignment of nucleotide sequences was accomplished using BioEdit (Hall 1999) . ND2 sequences for all haplotypes in our study are deposited in GenBank (accession numbers EF179705-EF179716).
Based on these data, restriction endonuclease Sau3AI was selected to cut the ND2 amplicon at diagnostic restriction sites specific to each lineage. Selection of a restriction enzyme that recognized different diagnostic sites in both lineages eliminated errors due to incomplete digestion (false negatives). Restriction digests generated 3 fragments for the eastern lineage (99 bp, 138 bp, and 278 bp) and 2 fragments for the western (138 bp and 377 bp) but did not provide information about withinlineage variation (i.e., haplotypes). ND2 amplicons from remaining samples (n ¼ 322) were digested with Sau3AI for at least 3 h at 378C, separated by electrophoresis in a 2% agarose gel, stained with ethidium bromide, visualized under ultraviolet light, and photographically recorded. The mtDNA lineage was determined for each individual based on the resulting diagnostic restriction profiles (3 bands eastern and 2 bands western).
Determination of nDNA genotype.-A 296-bp region of intron 1 of the b-globin gene was amplified in 20-ll reactions using primers b-1 and b-2 (Lessa 1992 ) and the following conditions: 0.5 ll DNA template, 11.1 ll sterile water, 1X polymerase chain reaction buffer, 1.9 mM MgCl 2 , 230 lM of each deoxynucleotide triphosphate, 75 nM of each primer, and 0.5 units AmpliTaq Gold DNA polymerase (Applied Biosystems, Inc.). The thermocycling profile was hot start at 958C for 15 min, followed by 38 cycles of 958C for 30 s, 688C for 20 s, and 728C for 1 min, with a final extension step of 728C for 7 min, before stabilizing at 208C. b-globin sequences for both genotypes in our study are deposited in GenBank (accession numbers EF189151-EF189152).
To identify genotype-specific variation at nuclear sites, polymerase chain reaction products from 40 samples were cleaned, sequenced, then edited and aligned using BioEdit (as outlined above). Sequences from populations in New York (n ¼ 10) and Arizona (n ¼ 10) also were included, with each location displaying a single unique genotype (eastern and western genotype, respectively). Based on these data, allelespecific primers (Rocha-Olivares 1998; Shivji et al. 2002) were designed to amplify diagnostic fragments for eastern and western genotypes. Four primers were used simultaneously in multiplex polymerase chain reactions: previously published b-1 and b-2 plus newly designed allele-specific BbgWR (59-TTCAGACCTTCGCCAAAGGCATC) and BbgEF (59-GTGCTGAACTCCTTCGGTGAGGGTC). Twenty-microliter reaction volumes contained the following: 0.5 ll DNA template, 10.05 ll sterile water, 1X polymerase chain reaction buffer, 2.5 mM MgCl 2 , 250 lM of each deoxynucleotide triphosphate, 75 nM of primers BbgWR, b-1, and b-2, 200 nM of primer BbgEF, and 0.5 units of AmpliTaq Gold DNA polymerase (Applied Biosystems, Inc.). Polymerase chain reaction conditions were hot start at 958C for 15 min, followed by 35 cycles of 958C for 30 s, 678C for 15 s, and 728C for 45 s. Polymerase chain reaction fragments were separated in a 2% agarose gel, stained with ethidium bromide, visualized under ultraviolet light, and photographically recorded. Based on fragment size, genotypes were scored as homozygote eastern, homozygote western, or heterozygous eastern/western (i.e., hybrid genotype). Statistical analyses.-Overall and for each mtDNA lineage, we used mtDNA sequence data to determine haplotype (h) and nucleotide diversity (p), as well as number of unique haplotypes. We tested sequence neutrality using the McDonaldKreitman test (McDonald and Kreitman 1991) . P-distance (sequence divergence) and standard errors were corrected for among-group divergence, bootstrapped 1,000 times, and calculated using MEGA 3.1 (Kumar et al. 2004) . TCS (Clement et al. 2000) was used to create a haplotype network from sequence data.
We used logistic regression (Proc GENMOD-SAS Institute Inc. 2003) to model natural history traits (litter size, distribution, and colony composition) independently as functions of mtDNA lineage (eastern or western). The proportion of individuals of each lineage possessing a particular natural history character (e.g., P 1 ¼ proportion of eastern mtDNA haplotypes with a litter size of 2; P 2 ¼ proportion of western mtDNA haplotypes with a litter size of 2) were modeled under the constraint P 1 ¼ P 2 (i.e., all data pooled), and compared with a general model where P 1 6 ¼ P 2 (i.e., allowing for a group effect). Models were ranked using Akaike's information criterion corrected for small sample size (AIC c - Burnham and Anderson 2002) . We also calculated AIC c differences (Á i ; difference in AIC c score between ith and top-ranked model) and Akaike weights (w i ; probability that the ith model was the best approximating model among the candidate models). The model with the lowest AIC c score was assumed to be best fitting (Burnham and Anderson 2002) . Similarly, natural history traits were modeled as a function of nDNA genotype as outlined above.
Estimated proportion (percentage of each lineage), standard error of the estimated proportion, and 95% confidence intervals (95% CIs) were calculated for pelage color, overwintering behavior, and composition of individual maternity colonies. Means were calculated for each roost or category separately and CIs were expected to overlap 0.5 if no difference existed in the proportion of each lineage. Means, difference between the means, standard error of the difference, and a 95% CI around the difference were calculated by lineage for forearm size, with the CI overlapping zero if no difference existed between lineages.
RESULTS
The mtDNA sequence data.-Eastern and western lineages differed by 10.3% 6 1.3% sequence divergence. The eastern lineage contained 5 haplotypes that differed by 0.3% 6 0.1% sequence divergence, and the western lineage contained 7 unique haplotypes with 0.8% 6 0.2% within-lineage sequence divergence (Fig. 2) . For all samples combined, both haplotype (h) and nucleotide (p) diversities were large (h . 0.5, p . 0.5%), but when eastern and western mtDNA lineages were analyzed separately, haplotype diversity remained large whereas nucleotide diversity was low ( Table 2 ). The results of the McDonald-Kreitman test could not reject the null hypothesis of neutral evolution (P . 0.10). Distribution of haplotypes in the network (Fig. 2) resembled a starburst pattern, suggesting recent population expansion (Douglas et al. 2003) .
Distribution by mtDNA lineage.-The mtDNA lineage was determined for a total of 651 samples. Of these, 49.5% (n ¼ 322) represented eastern haplotypes and 50.5% (n ¼ 329) represented western haplotypes. When a subset of samples from Colorado was examined (Mountains, Larimer, Weld, and Morgan counties; n ¼ 484; Table 1 ; Fig. 1 ), no differences were found between lineages in their eastward distribution (i.e., the constrained model had the lowest AIC c score; Table 3 ). However, because the general model is within 2 delta values of the constrained model, it is considered a competing model (Burnham and Anderson 2002) . In a 2nd subset (Larimer, Boulder, Denver, El Paso, and Pueblo counties; n ¼ 525; Table  1 ), the general model was strongly supported (Table 3) (Table 1) . Nuclear DNA genotypes.-In total, 524 nuclear genotypes were assessed. Samples from New York and Arizona displayed unique genotypes; a single allele was detected within each region, differing from each other by 1 variable region with 8 diagnostic sites. Colorado samples were compared against these genotypes and classified as eastern (New York), western (Arizona), or hybrid genotype, independent of data on mtDNA lineage. Eastern and western genotypes differed by 2.2% 6 0.9% sequence divergence. In total, 82% (n ¼ 429) of samples were homozygous for the western allele, 1% (n ¼ 5) were homozygous for the eastern allele, and 17% (n ¼ 90) were heterozygous for western and eastern alleles. This pattern was consistent among locations throughout the state. Additionally, occurrence of individuals with eastern mtDNA haplotypes and western nDNA genotypes (or vice versa) confirm that hybrids are viable, with introgressive hybridization (i.e., mating of a hybrid to 1 of its parental forms) potentially occurring. For example, 202 (47%) bats with western nuclear genotypes expressed an eastern mtDNA haplotype, and 2 bats (40%) with eastern nuclear genotypes expressed a western mtDNA haplotype. These combinations of haplotypes and genotypes could only occur if hybrids mated with other hybrids (or parental forms) and produced offspring.
Variation in natural history traits by mtDNA lineage.-No difference between lineages was detected in mean forearm size (eastern: n ¼ 224, " X ¼ 47.21 6 0.11 mm; western: n ¼ 188, " X ¼ 47.16 6 0.12 mm; 95% CI of difference between means ¼ À0.26-0.36) or in pelage color (95% CI overlapping 0.5 for each color category; Table 4 ). Litter size was determined for 153 bats, with 86% having a litter size of 1. When litter size for bats from Fort Collins was analyzed separately (Table 5) it did not associate with mtDNA lineage (Table 3) , whereas litter size in Morgan County (Table 5) showed a weak correspondence (Table 3) , with more eastern lineage bats having a litter size of 2. Comparing litter sizes between Fort Collins and Morgan County, independent of mtDNA lineage (Table 5) , a correspondence between location and litter size was noted (Table 3) , suggesting a locality effect.
There was no difference in the proportion of individuals with eastern versus western mtDNA lineage across all maternity roosts in Fort Collins (95% CI overlapping 0.5; Table 4 ). Nineteen of 20 roosts had representatives of both lineages, but the general model was strongly supported (Table 3) , indicating a difference in the proportion of lineages found in each. Four (20%) of 20 roosts had a greater proportion of western (95% CI , 0.5), 7 (35%) had a greater proportion of eastern (95% CI . 0.5), and 9 (45%) had an equal proportion of both lineages (95% CI overlapping 0.5; Table 4 ). Reproductive bats collected during the summer in the mountains west of Fort Collins revealed an equal proportion of the 2 lineages (95% CI overlapping 0.5; Table 4 ), as did those in Fort Collins, indicating no preference by mtDNA lineage for either anthropogenic or presumed natural maternity roosts in the mountains. Although individuals of both mtDNA lineages migrated to the mountains to overwinter, a greater proportion exhibited the eastern mtDNA lineage (95% CI . 0.5; Table 4 ) indicating a correlation between lineage and this overwintering behavior.
DISCUSSION
Biogeography and distribution.-Eastern and western mtDNA lineages of big brown bats showed considerable sequence divergence, but were overlapping and equally abundant in our study area. Although large mtDNA sequence divergences do not always reflect large temporal separations, a difference of 10.3% within mammals is substantial and suggests long-term segregation (Johns and Avise 1998) . A likely hypothesis to explain this pattern centers on Pleistocene climatic changes and how these changes might have influenced the current distribution of biological diversity in North America (Lessa et al. 2003) . The model with the lowest AIC c score is assumed to be best fitting. Akaike weights show the probability of a model being the best approximating model among the candidate models. Natural history traits pertain to regional geographic distribution (east-to-west and north-to-south gradient), local distribution (composition of individual maternity colonies in Fort Collins), and reproductive ecology (litter size per female). Litter size also was contrasted between Fort Collins and Morgan County independent of mtDNA lineage. Long-term forest fragmentation in the late Pleistocene concentrated fauna into isolated eastern and western refugia (Davis 1983; Kurtén and Anderson 1980; Wooding and Ward 1997) . It is likely that a widespread ancestral population of big brown bats was separated in this manner (Avise and Walker 1998) or by another significant historical biogeographic event. After glacial retreat, the western mtDNA lineage of big brown bats likely expanded into the Rocky Mountains, whereas the eastern lineage recolonized westward toward the Great Plains. The structural simplicity and absence of roosting places in the Great Plains (Humphrey 1975 ) may have been a barrier to continued westward dispersal by the eastern lineage. The Great Plains was a barrier for many North American birds (Mengel 1970) , which are similar to insectivorous bats with regard to many habitat requirements (both require suitable roosting and nesting habitat, open water for drinking and foraging, and availability of insect prey). Thus, the Great Plains may have separated eastern and western lineages of big brown bats for a long period, facilitating divergence into 2 distinct mtDNA lineages.
Before the mid-1800s, western lineage big brown bats likely ranged as far east as the western edge of the arid plains. The bats probably used snags and rock fissures as maternity roosts in the warmer areas of the lower foothills. In the mid-to-late1800s, the area immediately adjacent to the foothills was transformed as humans built permanent structures, planted vegetation, and subsidized regional ecosystems with water and fertilizer. This effectively offered warm, stable roosts with an abundance of water and food in close proximity. The grasslands also were being settled to the east of the foothills, with construction of scattered farm buildings and planting of trees. At the same time, flow dynamics of the North and South Platte rivers were being altered dramatically by waterdevelopment activities, resulting in an overall decrease in peak annual flows and an increase in mean low flows (Knopf and Scott 1990) . This allowed establishment and growth of a continuous woody riparian corridor through those grasslands that historically served as a barrier to animal dispersal (Knopf and Scott 1990) . Secondary contact between big brown bat lineages likely occurred along this corridor, as the eastern mtDNA lineage moved westward to the Front Range where the western lineage now utilized urban habitat in recently developed areas. Wooding and Ward (1997) used the mtDNA control region to identify 2 primary geographic clades of black bears (Ursus americanus) that have a zone of contact similar to that seen in big brown bats along the Continental Divide. Recent secondary contact of the bear clades is demonstrated by their limited geographic overlap (Wooding and Ward 1997) . In our study, a much higher proportion of the western mtDNA lineage is found in the southern part of the state, with a trend in the northeastern part of the state toward a higher proportion of the eastern mtDNA lineage. As with bears, examination of our data also suggests limited geographic overlap among lineages, indicating recent regional mixing along the Front Range.
Our analyses of mtDNA sequence data also support recent secondary contact of the 2 mtDNA lineages. With all samples combined, haplotype and nucleotide diversity were large, which can be attributed to secondary contact between previously allopatric lineages (Grant and Bowen 1998 ). Yet when each lineage was evaluated independently, haplotype diversity remained large and nucleotide diversity was small, a condition attributable to population expansion after a period of low effective population size (Grant and Bowen 1998) . Further, genetic analyses by Turmelle (2002) demonstrated that bats of the eastern mtDNA lineage exhibit minimal genetic structure, with those in Colorado virtually identical to bats at the far eastern extent of the North American range. Secondary contact also is demonstrated by examination of nDNA data, which indicated hybridization and possible backcrossing between the 2 divergent lineages. In the Great Plains, this pattern of secondary contact and subsequent hybridization between previously isolated populations has been documented in other vertebrate species. For example, at the turn of the previous century, when the Platte River was relatively treeless, the western Great Plains lacked 90% of its contemporary riparian avifauna (Knopf 1986 ). However, the newly established wooded riparian corridor allowed secondary contact between allopatric eastern and western species, many of which now demonstrate varying degrees of hybridization (Knopf 1986) . A well-known and dramatic example is hybridization between yellow-shafted (Colaptes auratus auratus) and red-shafted (C. a. cafer) flickers along the Platte River (Moore and Buchanan 1985) . Both now comprise a single species, the northern flicker (C. auratus).
Discordance between mtDNA and nDNA data.-Both mtDNA lineages were equally abundant in our sample. However, approximately 80% of these exhibited western nuclear genotypes, reflecting a reduced representation of eastern males or an increased contribution of western males. This pattern can be explained in various ways, ranging from sex-biased dispersal (movement of western lineage males or eastern lineage females into the Front Range area) to differential reproductive success in male bats of the western mtDNA lineage. However, detailed data on mating success, survival, fecundity, and dispersal of males are needed to fully resolve the reasons for this observed discordance between mitochondrial and nuclear data.
Natural history traits in mtDNA lineages.-We found no differences between eastern and western mtDNA lineages in most of the natural history characters examined. A failure to associate mtDNA lineage with these characters is not surprising given extensive hybridization and probable backcrossing. Early literature (e.g., Warren 1942) indicated presence of 2 subspecies in Colorado (E. f. fuscus and E. f pallidus), and we hypothesized that these might align with our mtDNA lineages. However, morphological features normally used to distinguish among bats overlap in these subspecies (Armstrong 1972; Warren 1942) , and given this, a failure to associate mtDNA lineage with pelage color or body size is not unexpected. Furthermore, the morphological characters we selected may not be sensitive indicators of subspecific differences. Although length of forearm often is used in species descriptions of bats, other characters might be more indicative of wing morphology or body size. Additionally, although determination of pelage color using Ridgway's color standards allows for simple quantification and has historic relevance, observer bias may be a problem with this technique.
We found no association between mtDNA lineage and litter size in Fort Collins, but a strong association (w i ¼ 1.00) existed in Morgan County (albeit, based on a smaller sample size). Litter size in big brown bats may simply be a function of age or available resources. For example, Sidner (1997) found that litter size is, in part, related to age, with 9% of 2-year-old females, 23% of 3-year-old females, and 24% of 4-year-old females producing twins in Arizona. Mills et al. (1975) proposed that the number of young reared by each female big brown bat decreases at higher population densities. Our sample of bats included 14 of known age (captured and PIT tagged as juveniles and recaptured in subsequent years) and 101 of known minimum age (captured and PIT tagged as an adult), but no age-related patterns were apparent. However, our inferences are again limited by sample size and also by the 5-year length of the study (oldest known-aged individual we could detect was 4 years). We observed a strongly supported difference in litter size between Fort Collins and Morgan County, independent of mtDNA lineage. This suggests that litter size is more likely a function of geography, and consequently of population density and available resources, rather than mtDNA lineage.
Although individual maternity roosts in Fort Collins deviated from an equal proportion of lineages, examination of our data indicated that both lineages co-occur at the colony level and are thoroughly mixed in regions where they overlap. Many factors might motivate an individual's choice of maternity roost, such as age and size of colony, micro-and macrohabitat roost characteristics, pathogen and parasite avoidance, and even lineage-specific differences in roost fidelity. Yet, the most likely explanation for the observed variation is strong natal philopatry by individual bats. In Fort Collins, bats showed high site fidelity, moved mostly among a complex of adjacent roosts, and, if a roost was eliminated, generally moved together to a nearby roost (M. A. Neubaum, pers. comm.) . Given that mtDNA is maternally inherited and females continually return to the same maternity roost, it is logical to expect a bias toward a particular lineage at a given location, especially if a few individuals of 1 lineage initiated a colony. Lineages may exhibit different overwintering behaviors in a zone of overlap because of ecological factors (i.e., type and number of hibernacula available and severity of climate) or genetic variance (i.e., resulting from historic separation and adaptations to past environments). Although a greater proportion of eastern bats migrated to winter hibernacula in rock crevices, inferences should be made cautiously because of our limited sample size and lack of alternative overwintering strategies with which to compare. More importantly, both lineages were found to use hibernacula in rock crevices, indicating possible similarities in overwintering strategy.
In summary, examination of our data provides additional resolution of phylogeographic patterns seen in the zone of overlap between mtDNA lineages of big brown bats in Colorado. Additional investigations of hybrid zone structure can contribute greatly to an understanding of the phenomena that regulate sizes, shapes, and boundaries of lineages (Brown et al. 1996) . Efforts to fully understand the phylogeographic history of biotas over large areas should include detailed regional comparisons such as ours as a supplement to broader and more large-scale evaluations (Wooding and Ward 1997) .
